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1. 

ABSTRACT 

The tempora l ,  energy and spatial  c h a r a c t e r i s t i c s  of energet ic  

au ro ra l  zone electron precipitation in the 5-35 second per iod range a r e  

discussed.  The  electron pulsations of 5-10 second per iod occur  during 

0200 t o  1000 local time, have a soft energy spec t rum with an  e-folding 

energy of about 15 kev, and show spec t rum hardening at the peaks .  The 

region over which the e lec t ron  pulsations a r e  occurr ing  is about 100 to  

150 km.  The electron pulsations of 2 0  to  35 second per iod occur  during 

1000 to 1500 local t ime,  posses s  a h a r d  energy spec t rum with an e-folding 

energy of about 30 kev and occasionally show spec t ra l  hardening at the 

peaks.  The sca l e  s ize  of these electron pulsations is often 100 to  150 km,  

but occasionally is  g rea t e r  than 210 km.  The electron pulsations and the 

other  f o r m s  of energet ic  e lectron precipitation that occur  in the au ro ra l  

zone a r e  d i r e c t  consequences of world-wide dis turbance charac te r i s t ics  of 

a u r o r a l  subs torms.  
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INTRODUCTION 

High altitude balloon measurements  of bremss t rah lung  x - r a y s  

result ing f r o m  the precipitation of energet ic  e lectrons have shown the 

presence  of d iverse  tempora l  s t r u c t u r e ,  f r o m  a few mil l iseconds to  

hundreds of seconds (for  a review paper  of au ro ra l  zone x - r a y s ,  see 

Brown, 1966; Anderson, 1966). 

The purpose of the present  a r t i c l e  is to  d iscuss  in  detail  the spa t ia l ,  

t empora l  and energy spec t rum charac te r i s t ics  of a u r o r a l  zone x - rays  

that exhibit pulsating fea tures  in  the 5 - 3 5  second period range.  In paper  I1 

(Hereaf te r  and in the two following pape r s ,  P a r k s  e t  a1 will be r e f e r r e d  

to as paper  I; McPher ron ,  e t  a1 a s  paper  11, Coroniti ,  et  a1 as 

paper  111. ) the relationship between energet ic  e lectrons and geomagnetic 

micropulsat ions i s  discussed.  Recently, P a r k s ,  -- e t  a1 (1966) have shown 

that c e r t a i n  f o r m s  of energetic e lectron precipitation and magnetic m i c r o -  

pulsations in the 5-30  second period range were  associated with a u r o r a l  

subs torms.  In paper  11, i t  will be shown that cer ta in  f o r m s  of energet ic  

e lec t ron  precipitation are  direct ly  re la ted to  au ro ra l  subs torms (Akasofu, 

1964). Since local  t ime plays a n  important  ro l e  in the ul t imate  under -  

standing of a u r o r a l  zone e lec t ron  precipitation and geomagnetic n i ic ro-  

pulsation phenomena, we have organized the data in this a r t i c l e  in terms 

of loca l  t ime.  

-- 
-- -- 

The var ious f o r m s  of s t ructured energet ic  e lectron precipitation 

phenomena that occur  in the aurora l  zone during geomagnetically dis turbed 

t imes  have been classif ied into various tempora l  groups.  We review 

b r i e f ly  below the var ious temporal  s t r u c t u r e s  in  energet ic  e lec t rons  as 

a function of the local t ime during which they a r e  m o s t  frequently observed.  
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1. Local T ime  2200-0200 

Energet ic  e lectron precipitation during this  t ime is usually associated 

with a u r o r a l  breakup. Until recently,  the precipitation is reported to  have 

been intense and fea ture less  over  t imes of a few minutes .  However, 

rocket measurements  (Evans,  1967) and balloon-borne lneasurements  a t  

2 g / c m 2  atmospheric  depths ( P a r k s ,  et a l ,  1967) indicate the presence  

of 5-50  mill isecond b u r s t s  of e lectrons during a u r o r a l  breakup. 

-- 
These 

rapidly varying b u r s t s  m a y  be a pers is tent  fea ture  of energetic e lectron 

I 
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precipitation during these t imes .  

2 .  Local  Time 0200-1000 

Brown (1965) and B a r c u s ,  e t  a1 (1966) have reported numerous obse r -  -- 
vations of x - r a y  pulsations of 5-10 second per iods during these loca l  

hours .  These x - r a y  pulsations may be closely related to  pulsating a u r o r a s  

(Rosenberg and Bjordal ,  1967). 

3 .  Local  Time 0600-1400 

In this  region of local time mic robur s t s  are the predominant type of 

energet ic  e lectron precipitation (Anderson, -- e t  a l ,  1966). The charac te r i s t ic  

duration of mic robur s t s  is  0.1-0. 5 seconds.  When groups of microburs t s  

o c c u r ,  the spacing between adjacent mic robur s t s  is typically 0. 5 seconds 

(Anderson and Milton, 1964; P a r k s ,  1967). The groups of mic robur s t s  

a r e  separa ted  by about 10 seconds.  

4. Local  Time 1000-1500 

F o r  the f i r s t  t i m e ,  e lectron pulsations of 20-30 second per iod have 

been observed during these loca l  times by the SPARMO group (1966). 

In this paper  data will  be  presented confirming the i r  observations and 

detai led proper t ies  of these pulsations will  be discussed.  
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5 .  Local  Time 1600-2200 

I The energetic e lectron precipitation during these hours  generally 

does not show any significant t ime var ia t ions over s eve ra l  minutes.  More  

data is needed to  bet ter  our understanding of the proper t ies  of this  type of 

I electron precipitation. 

The re  a r e  observations of other precipitation f o r m s  with tempora l  

variations of about 100 seconds (Evans,  1963; Barcus  and Chris tensen,  

1965). However,  these have only been observed r a r e l y ,  and their local  

t ime charac te r i s t ics  a r e  not c lear ly  understood. 

APPARATUS 

The Compton mean scattering length fo r  x - r a y s  of energies  20-150 

2 kev is about 6 g / c m  . It is important to  minimize measurements  of 

sca t te red  photons if accura te  information regarding the energy and spatial  
I .  

* c h a r a c t e r i s t i c s  of energet ic  electron precipitation, is  desired.  The data 

to  be  presented i n  th i s  a r t i c l e  were obtained f r o m  balloons flown at 2-3 

g / c m 2  atmospheric  depths. 

of t h r e e  NaI(T1) sc in t i l l a tors ,  7 .  6 c m  in d iameter  and 0. 63 c m  thick,  all 

of which were  pointed in the zenith direction. The detectors  were  physi-  

cally coll imated with Al-Pb  sandwich to give geometr ical  f ac to r s  of 

A single balloon detector assembly  consisted 

2 2 
9 .6  cm - s t e r ,  38. 6 c m 2 - s t e r  and 142 c m  -ster to  view concentric c i r c l e s  

I of d iameter  30 km,  70 k m  and 210 k m  at the 100 k m  stopping heights for  

e lec t rons .  X- rays  of energ ies  grea te r  than 20 kev were  measu red ,  and 

ene rgy  spec t rum information w a s  obtained by u s e  of pulse height d i s c r i -  

m i n a t o r s .  Also ,  fas t  time response analog count-rate  m e t e r s  of the 

type descr ibed  by Anderson and Milton (1964) were  employed. The t r u e  

photon rates were  obtained by use of in-flight ca l ib ra to r s .  
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METHOD O F  DATA ANALYSES 

To  obtain the spat ia l  propert ies  of the x - r a y  pulsat ions,  the analog I .  

data  corresponding to photons of energ ies  20-45  kev obtained f r o m  the 

three  regions of the sky  were  compared.  The rat ios  of the x - r a y  count 

rate f r o m  the d i f fe ren t  de tec tors  were  calculated,  and w e r e  compared  to 

the theoret ical ly  calculated ratios expected at the balloon altitude for  a n  

isotropic and uniform x - r a y  source  distribution. The calculation a s sumed  

that the bremss t rah lung  energy  spec t rum resu l ted  f r o m  an exponential 

e lec t ron  energy spec t rum.  Correc t ions  due to photoelectric and Compton 

sca t te r ing  l o s s e s  and differences in the geometr ica l  f ac to r s  of the detectDrs 

have a l s o  been included. It should be noted that with the concentr ic  

c i r c u l a r  a r r angemen t  of the detector s y s t e m  the source  distribution is 

I -  not absolutely known. Thus ,  our  analysis per ta ins  only to changes of a 

uni form and isotropic  x - r a y  source  dis t r ibut ion at the 100 k m  x - r a y  

production plane.  The calculated ra t ios  of the 210 k m  detector  to the 

I 

I 70 k m  detector  is 2 .  8 and ' the r a t i o  of the 70 k m  detector  to the 30 k m  

de tec tor  is 4. 0. 

I 
I Information on the kinetic energy of the electrons producing the 

observed  x - r a y s  was obtained using thick t a rge t  bremss t rah lung  theory 

and assuming an  exponential e lectron energy spec t rum.  Af te r  cor rec t ing  

f o r  a tmospher ic  absorpt ion and cosmic r a y  contributions to  the detector  

count r a t e ,  the ra t ios  of the photon count r a t e  in  the different energy 

in te rva ls  were  compared  with the theoret ical ly  calculated bremss t rah lung  

s p e c t r a  for  var ious  e lec t ron  e-folding energ ies .  The average  electron 

ene rgy  obtained in this  manner  is good to an  accuracy  of about 30%. This  

a c c u r a c y  has a l ready  been demonstrated by Hudson, e t  a1 (1965). It should 

be  noted that  in o r d e r  to obtain the average  energy of the e lec t rons  

-- 
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producing the observed bremsstrahlung x - rays  the detector  energy 

sett ings m u s t  be taken into consideration. This amounts t o  adding the 

I -  energy value of the detector edge setting to the e lec t ron  e-folding energy.  

T h e r e f o r e ,  the average electron energy causing x - r a y  pulsations is the 

e-folding energy plus 20 kev. 

RESULTS 

Local  t ime 0200 to  1OOG 

During the extended region of loca l  t ime f r o m  0200 to 1000 the 

e lec t ron  precipitation is  often modulated with a charac te r i s t ic  period of 

5 to  10 seconds.  The electrons generally exhibit a sof t  energy spec t rum 

with a typical e-folding energy of 15 kev. In this  section, two r ep resen -  

tative events will be discussed.  

F igu re  1 presents  the analog x - ray  count rate for  an event that 

occu r red  on September 9, 1966 at 0400 (90° WMT). 

pulsations occurred  on top of a slightly increased  x - r a y  background 

5 photons/cm - s e c - s t e r ,  and have a ve ry  regular  periodicity and 

The electron 

2 

of 

amplitude.  F igure  2a shows the r e su l t s  of a power spec t rum analysis 

of th i s  event. The single peak at 5 seconds demonstrates  the highly 

o rde red  tempora l  s t ruc ture  of this  event. A s t r e t ch  of data was 

digitized and is presented  along with the ra t io  of the x - r ay  count r a t e  

in  the 20  to 45 kev channel to  that in the grea te r  than 45 kev channel 

i s  F igu re  3. The average electron e-folding energy was about 17 kev. 

On comparing the tempora l  changes of the energy spec t rum with those 

of the count r a t e ,  it is s een  that the peaks of the electron pulsations 

a r e  general ly  h a r d e r  than the background by about 2 kev. It should be 

pointed out that even though the method of determing the energy spec t rum 

yields values with a possible e r r o r  of - 300/0, the changes of the t 
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energy spec t rum during the electron pulsations a r e  s ta t is t ical ly  

significant. No spat ia l  information for  this event is available since only 

the 70 km detector was flown. 

The analog x - r a y  count r a t e  for the second event which occurred  on 

September  6 ,  1966 a t  0500 (90° WMT) i s  presented in Figure 4. 

background r o s e  to about 50 photons/cm - s e c - s t e r  in the energy  channel 

The 

2 

2 0  to 45 kev for  15 minutes before the s t a r t  of e lectron modulation. I t  

is  seen that,  unlike the previous event, the electron pulsations occurred 

i r regular ly ,  often with a few cycles of modulation separated by unstructured 

precipitation. The amplitude of the pulsations,  however,  was roughly 

constant. Referr ing to F igure  2b we see  that the dominant spec t ra l  peaks 

w e r e  7 . 0  and 6 . 3  seconds.  

The digitized l inear  x - r ay  count r a t e ,  the energy  rat io  of the count 

r a t e  in the 2 0  to 45 kev channel to that in the g rea t e r  than 45 kev channel 

and the spatial  ra t io  of the count ra te  in the 210 k m  detector to that in 

the 70 k m  detector i s  presented in Figure 5. Note that the count r a t e  in  

the various detectors  was high enough so that the counting s ta t i s t ics  give 

only 2 to 370 e r r o r s  in the ra t ios .  The average e-folding energy of the 

electrons during this event was 14 kev. On comparing the changes of the 

energy  spec t rum with those of the electron pulsations,  i t  i s  seen that the 

s p e c t r u m  always hardens on the r i s e  of the pulsation and softens on the 

decline.  The change in the e-folding energy f r o m  the peak to the valley 

i s  about 2 kev. 

The l a s t  p a r t  of Figure 5 shows the changes of the rat io  of the count 

r a t e  i n  the 210 k m  detector  to that in the 70 k m  detector .  Assuming an 

isotropic  flux a t  the 100 k m  x - r a y  production plane, the rat io  of the 210 k m  

detector  to the 70 km detector on the bas i s  of the theoret ical  calculation 

would be 2. 8. Comparison of the spat ia l  ra t io  changes with the x - r a y  
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pulsations shows that the ra t io  dec reases  during the r i s e  of the pulsation 

and i n c r e a s e s  during the decline.  At the peaks of the pulsations the ra t io  

i s  2 .  6 whereas  at the valley i t  is 3 . 4 .  The fac t  that  the r a t io  a t  the 

valley i s  higher than the calculated isotropic  value of 2 .8  i s  probably due 

to the pulsation region being centered off ax is .  The r a t io  of the count 

r a t e  in  the 70 km detector  to that in  the 30 km detector  (not shown) showed 

the s a m e  sys temat ic  changes a s  the r a t io  of the 210 k m  to 70 km. How- 

e v e r ,  the average  ra t io  of 70 k m  to 30 k m  was 2. 3 whereas  the calculated 

r a t io  fo r  an isotropic  dis t r ibut ion is 4. 0. In o r d e r  t o  de te rmine  whether 

the de tec tors  and e lec t ronics  w e r e  functioning according to  the pre-f l ight  

and in-flight cal ibrat ion,  the spatial  r a t io s  of the 210 k m  to 70 k m  and 

70 k m  to 30 k m  de tec tors  were  checked during the uns t ruc tured  electron 

precipi ta t ion that  occu r red  jus t  p r ior  to and af te r  this  event. In both 

c a s e s  the spat ia l  ra t ios  were  those cha rac t e r i s t i c  of a n  isotropic  d i s t r i -  

bution at the 100 k m  x - r a y  production plane.  

It would appeal; then, that  since the 30 k m  detector  was seeing such 

a high flux this  could be in te rpre ted  in  t e r m s  of a sca le  s i ze  of 30 to  50 

k m  in  d iameter  f o r  the region over which the e lec t ron  pulsations occurred .  

This  r e s u l t ,  however ,  is not unambiguous. F o r  example,  a possible i n t e r -  

p re ta t ion  of the high flux in  the 30 k m  detector  would be an a u r o r a l  f o r m  

of comparable  dimension that was centered  over the 30 k m  detector  during 

this  event.  Th i s  could substantially change the flux of the 30 k m  detector  

without grea t ly  affecting the 210 or  the 70 k m  de tec tors .  Other spat ia l  

dis t r ibut ions tha t  would reproduce the above r e s u l t s  a r e  a l so  conceivable. 

Another  possibi l i ty  i s  that  the region of precipitation could be in  sys temat ic  

motion.  A pre l imina ry  ana lys i s  of the widths and r i s e  t i m e s  of the 

pulsat ions in the t h r e e  de tec tors  indicates that  l a rge  sca le  motions of the 

prec ip i ta t ion  region sweeping a c r o s s  the field of view of the th ree  de t ec to r s  
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a r c  not occurr ing.  The tempora l  resolution of the analysis  was sufficient 

to eliminate the possibility of velocities less  than a few hundred k i lometers  

per  second. 

A fu r the r  argument  against  the conclusion that the spatial  extent of 

the pulsating region is 50 k m  in diameter  is  that ,  if  i t  were  this sma l l ,  

we would expect to  see  an  occasional pulsation in  the 210 k m  detector and 

none in  the 30 k m  detector .  In all of the electron pulsations analyzed to 

date,  no such c a s e  has ever  been observed. Our conclusion is that the 

spatial  region of the electron pulsations is probably on the o r d e r  of 100 to  

150 k m  in  extent. 

balloons by Barcus ,  e t  a1 (1966) and Brown, e t  a1 (1965) that the pulsating 

region is  of the o r d e r  of 100 km. 

We thus tend to  conf i rm an  e a r l i e r  r e su l t  using two 

-- -- 

Local  t ime 1000 to  1500 

The modulated electron precipitation in  the region of loca l  t ime f r o m  

1000 to  1500 is charac te r ized  by longer per iods,  20  to 40 seconds,  and by 

a ha rde r  energy spec t rum,  e-folding energy about 30 kev. The tempora l  

s t ruc ture  is quasi-periodic and even i r r e g u l a r  at t imes ,  and the amplitude 

of the pulsations is m o r e  variable than i n  the 5-10 second case .  In this  

section two events will be discussed; the f i rs t  is a ve ry  intense precipi-  

tation event, the second is a m o r e  typical event which occurred  on top of 

a low background. 

The analog x - r a y  count r a t e  record  f o r  the f i rs t  event which occur red  

on September  6 ,  1966 at 1000 (900  WMT) is present  in F igure  6.  At the 

start of the event the photon flux was about 400 photons/cm -sec-ster in 

the energy  channel 20 to 4 5  kev. Note that the e lec t ron  precipitation was  

uns t ruc tured  during this  m o s t  intense p a r t  of the event. The photon flux 

2 

L 
then s teadi ly  dec reased  to  about 200 photons/cm - s e c - s t e r ,  and at this 
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point the precipitation became modulated. This event suggests that  

during very  intense electron precipitation, the modulation mechanism is  

ineffective. Referr ing to the power s p e c t r u m  resu l t  in  Figure 2c,  it is 

seen that there  w e r e  severa l  broad peaks at  23, 32, 42 and 49 seconds.  

A section of digitized l inear  x - r ay  count r a t e ,  the energy  ra t io  of 

the count r a t e s  in the 2 0  to  45 kev channel to that in the grea te r  than 

45 kev channel, and the spatial  ratio of the count r a t e  in the 210 k m  

detector to that in the 70  k m  detector a r e  presented in F igure  7. The 

average electron e-folding energy for this event was about 25 kev. The 

peaks of the electron pulsations a r e  systematical ly  ha rde r  than the valleys 

by 2 to 3 kev. The spat ia l  ra t io  decreased  during the rise of the pulsa-  

tion, and increased  during the decline. The ra t io  of the count r a t e  in 

the 70 k m  detector  to that in the 30 k m  detector was about 5. 5,  and was 

constant during a pulsation. This somewhat higher ra t io  for  the 70 k m  

to 30 k m  and the low ra t io  2 . 6  of the 210 k m  to 70 k m  probably means  

that the pulsation region was centered off axis  with respec t  to the three  

de tec tors .  A s  before,  the spatial  changes imply a sca le  s ize  for the 

e lec t ron  pulsation region of about 100 to 150 km.  

F igure  8 presents  the analog x - r a y  count r a t e  fo r  par t  of an event 

which occur red  on September  8 ,  1966 at  1300 (90° WMT). 

las ted  m o r e  than one hour although the electron pulsations showed seve ra l  

b r e a k s  in continuity during this t ime. The pulsations occurred  on top of 

The ent i re  event 

L a low background of about 2 0  photons/cm - sec - s t e r  in  the 20-45 kev 

channel.  Refer r ing  to Figure 2d, the power spec t rum analysis  showed 

peaks a t  20 ,  25 and 37 seconds.  These  periods were  present  throughout 

the event,  thus i l lustrat ing the quasi-periodic nature of the longer period 
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e lectron pulsations. I t  should a l so  be noted that the amplitude of the 

electron pulsations was more  variable during the event than was  the 

amplitude of the 5 -10 second electron pulsations.  

The resu l t s  of the energy  spec t rum and spat ia l  s ize  analysis  showed 

I 
I 

that the longer period electron pulsations had variable charac te r i s t ics .  

In what follows we wi l l  p resent  two digitized sections of data that demon- 

s t r a t e  this fact .  The digitized l inear x - r a y  count r a t e ,  the energy  rat io ,  

and the spatial. ra t io  a r e  presented in F igure  9 for  an ear ly  section of 

the event. The average e-folding energy was 28 kev. The re  i sn ' t ,  however ,  

a systematic  change of the energy spec t rum during an electron pulsation, 

and both spec t ra l  hardening and softening a t  the peaks occur .  The spatial  

ra t io  of the count r a t e  in the 210 km detector to the 70  k m  detector 

dec reases  during the r i s e  of the electron pulsation and inc reases  during 

the decline.  The 30 k m  detector was not used  due to  i t s  poor counting 

s ta t i s t ics .  F o r  this c a s e ,  then, the dimension of the precipitating region 

was about 100 km. 

Figure  10 presents  the digitized l inear  x - r a y  count ra te ,  the energy 

rat io  and the spat ia l  ra t io  of a section of data f r o m  a l a t e r  pa r t  of the 

event. The energy spec t rum is  again very  hard with an average e-folding 

ene rgy  of 30 kev. In this case ,  however,  the peaks of the electron pulsa- 

t ions a r e  systematical ly  ha rde r  than the valleys with a change in e-folding 

energy  of about 5 kev. The spatial  ra t io ,  on the other hand, shows no 

sys temat ic  change during an electron pulsation. F o r  this pa r t  of the event,  

then, the scale  s ize  of the region of the electron pulsations was g rea t e r  

than 210 k m  in extent. 
1 
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DISCUSSION 

Before we d iscuss  the significance of the data presented,  the salient 

fea tures  of the x - r ay  pulsations a r e  br ief ly  summar ized .  In F igure  11, we 

present  a composi te  of the 5-10 second electron pulsations which typically 

occur between 0200-1000 local t ime. The average electron e-folding energy 

is about 15 kev. The energy spec t rum always hardens a t  the peak of the 

pulsations with a typical change in  the e-folding energy  of 2 kev. The 

t empora l  s t ruc ture  of these electron pulsations can show a very  regular  

periodicity but can also occur in an i r r egu la r  manner .  Our general  i m p r e s -  

sion f r o m  analyzing many electron pulsation events is that the pulsations 

a r e  m o r e  periodic when the background of unstructured electron precipi-  

tation is low. The amplitude of the e lec t ron  pulsations for  both cases  is 

roughly constant for  a t ime interval long compared  to the period of the 

pulsations.  The 5-10 second electron pulsations have a charac te r i s t ic  

spat ia l  dimension of about 100-150 km,  whereas  the unstructured e lec t ron  

precipitation background appears  to  be isotropic over 210 km. This conf i rms  

the previous r e su l t s  of Barcus ,  -- e t  a l ,  (1966). 

The longer period pulsations of 20-35 seconds typically occur between 

1000 to 1500 local  t ime and exhibit complex energy  and spatial  cha rac t e r i s t i c s .  

These  electron pulsations a r e  quasi-periodic in  nature  with a broad range 

of per iods occurr ing throughout an event. The amplitude is a l so  highly 

var iable .  We also note that in the v e r y  intense event of September  6,  1966, 

the modulation of the electron pulsations depended on the total  precipi ta ted 

e lec t ron  flux, possibly indicating a saturat ion effect. The average e lec t ron  

energy  s p e c t r u m  of these pulsations i s  very  ha rd  with a typical e-folding 

ene rgy  of 30  kev. Some of the electron pulsations show energy spec t r a l  

hardening a t  the peaks;  however,  occasionally no systematic  spec t r a l  

changes a r e  observed. The resul ts  of the spat ia l  ana lys i s  indicate that 
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the extent of these electron pu sating regions i s  often on the o rde r  of 

100 k m  and somet imes  g r e a t e r  than 210 km. These fea tures  have been 

summar ized  in  the composite d iagram shown in F igu re  12. 

That the var ious tempora l  features  of au ro ra l  zone energetic e lectron 

precipitation occur  pr imar i ly  during t imes  when an a u r o r a l  subs to rm is in 

p r o g r e s s  will be demonstrated in paper 111. F u r t h e r m o r e ,  it will be shown 

in  paper  I1 that geomagnetic micropulsations and energet ic  e lectron precipi-  

tation a r e  temporal ly  and causally related.  In o r d e r  to fur ther  i l lus t ra te  

the different f o r m s  of energetic e lectron precipitation that occur  in the 

au ro ra l  zone during an au ro ra l  subs torm,  we have constructed a schematic  

figure (F igure  13) showing the resu l t s  of s eve ra l  hypothetical balloon exper i -  

ments  at var ious local t i m e s .  The loca l  t ime region between 2200-0200 

shows the charac te r i s t ic  au ro ra l  breakup impulsive electron precipitation 

of several-minute  duration and the rapid 50-mill isecond b u r s t s .  F r o m  0200- 

1000 local  t ime the balloon-borne detector would m e a s u r e  5 -10 second e lec t ron  

pulsations.  

mic robur s t s  with the i r  charac te r i s t ic  tempora l  fea tures  would be  detected. 

The 20-35 second electron pulsations of the type discussed in  this paper  

would be detected in the local  t ime zone of 1000-1500. In the dusk region, 

to the bes t  of our knowledge, the electron precipitation would be fea ture less  

over  s eve ra l  minutes .  

In the overlapping region between 0600 and 1400 local t ime,  



14. 

ACKNOWLEDGMENTS 

We would l ike to thank P r o f e s s o r  R . R .  Brown for  many helpful 

d i scuss ions .  We a l so  wish to thank the var ious  m e m b e r s  of the balloon 

support  s ta f f  f o r  the i r  generous a s s i s t ance .  

Th i s  work was par t ly  supported by the National Aeronaut ics  and 

Space Adminis t ra t ion under grant  NsG-243-62. The balloon ins t ruments  

and balloon flight support  were obtained under gran t  GP-5583 f r o m  the 

National Science Foundation. Adminis t ra t ive and logistic support  was 

provided by the Office of Naval Resea rch  Skyhook P r o g r a m .  



15. 

REFERENCES 

Akasofu, S. - I . ,  The development of the a u r o r a l  subs to rm,  P lane ta ry  

Space Sci. - 12,  273-282, 1964 

Anderson, K . A . ,  Balloon measu remen t s  of x - r a y s  in  the a u r o r a l  zone, 

in  Aurora l  Phenomena , edited by M.  W a l t ,  Stanford University 

P r e s s ,  Stanford,  Cal i fornia  1965 

Anderson,  K . A . ,  L . M .  Chase ,  H.S. Hudson, M. Lampton, D.W.  Milton 

and G .K.  P a r k s ,  Balloon and rocket  observat ions of a u r o r a l  zone 

mic robur s t s  , J.  Geophys. Res.  71 - (19), 4617-4626, 1966 

Anderson,  K .  A. and D .  W. Milton, Balloon observat ions of x - r a y s  in the 

a u r o r a l  zone, 3, High t ime resolution s tudies ,  J .  Geophys. Res.  

- 69(21), 4457-4479, 1964 

B a r c u s ,  J .  R . ,  R. R.  Brown and T.  3. Rosenberg,  Spatial  and tempora l  

c h a r a c t e r  of fast var ia t ions  in a u r o r a l  zone x - r a y s ,  J .  Geophys. 

Res .  - 71(1), 125-141, 1966 

B a r c u s ,  J .  R. and A. Chr is tensen ,  A 75-second per iodici ty  in  a u r o r a l  

zone x - r a y s ,  J .  Geophys. Res.  - 70(21), 5455, 1965 

Brown,  R . R . ,  E lec t ron  precipitation in the a u r o r a l  zone, Space Sci. Rev. 

- 5,  311-387, 1966 

Brown,  R . R .  , J . R .  Ba rcus  and N.R.  P a r s o n s ,  Balloon observat ions of 

a u r o r a l  zone x - r a y s  in  conjugate regions,  2 ,  Microburs t s  and 

pulsations,  J .  Geophys. Res.  - 70,  2599-2612, 1965 

Coroni t i ,  F . V . ,  R. L. McPher ron  and G . K .  P a r k s ,  Studies of the 

a u r o r a l  subs to rm,  111. Concept of the magnetospheric  subs to rm 

and its re la t ion to e lec t ron  precipitation and micropulsat ions,  

J .  Geophys. Res .  , this  issue 

E v a n s ,  D . S . ,  A pulsating a u r o r a l  zone x - ray  event in the 100-second 

per iod range ,  J .  Geophys. Res .  - 68, 359-400, 1963 



16. 

Evans ,  D. S . ,  On the observat ion of a 10-cps per iodici ty  in  the flux of 

a u r o r a l  e lec t rons ,  T r a n s .  Am. Geophys. Union 48, 72, 1967 - 
Hudson, H. S. , G. K. P a r k s ,  D. W.  Milton and K. A. Anderson, Determina-  

t ions of the a u r o r a l  zone x- ray  spec t rum,  J .  Geophys. Res .  70(19), 

4979-4982, 1965 

- 

McPher ron ,  R .  L. , G. K. P a r k s ,  F. V .  Coroni t i  and S. H. Ward,  Studies 

of the a u r o r a l  subs to rm,  11. Corre la ted  magnet ic  micropulsat ions 

and e lec t ron  precipi ta t ion occurr ing during a u r o r a l  subs to rms ,  J .  

Geophys. R e s . ,  th is  i s sue  

P a r k s ,  G.K.  , R . L .  McPher ron  and K .A.  Anderson,  Relation of 5-40  

second pe r iod geomagnetic micropulsat ions and e lec t ron  precipi ta t ion 

to  the auroral subs to rm,  J .  Geophys. R e s .  71(23), 5743-5745, 1966 - 
P a r k s ,  G. K. , Spatial  cha rac t e r i s t i c s  of a u r o r a l  zone x - r a y  m i c r o b u r s t s ,  

J.  Geophys. R e s .  - 72(1), 22, 1967 

P a r k s ,  G.K.  , D. W. Milton and K.A. Anderson, Auro ra l  zone x - r a y  

I b u r s t s  of 5 to  25 mill isecond duration, J .  Geophys. Res .  L e t t e r s ,  

to  be published 1967 

Rosenberg ,  T .  J .  and J .  Bjordal ,  Balloon observat ions of pulsating x - r a y s  

a n d a u r o r a s ,  T r a n s .  Am. Geophys. Union - 48, 72,  1967 

Simultaneous measu remen t s  of a u r o r a l  x - r ays  at Kiruna (Sweden) and 

Ivalo/Sodankylii (Finland)  f r o m  Ju ly  to September  , 1965, SPARMO 

Bulletin, No. 2, June,  1966 



17. 

FIGURE CAPTIONS 

Figure  1 - The analog x - r a y  count r a t e  for  a very  periodic 5 second 

electron pulsation event. Note the a lmost  constant amplitude. 

F igure  2 - Resul ts  of a high resolution power spec t rum analysis  for  the 

four events discussed in the paper .  

Figure 3 - Digitized l inear  x - r a y  count r a t e  and the energy  ra t io  for  

pa r t  of the event shown in Figure 1. The average electron 

e-folding energy  was 17 kev. Note that the peak of the 

electron pulsations a r e  ha rde r  than the unstructured 

p r  e c ipi tat  ion. 

Figure 4 - The analog x - r a y  count r a t e  for  a 6 to 10 second period 

electron pulsation event. Note the r i s e  in the background 

level  before  the s t a r t  of the pulsations and the i r r egu la r  

nature of the modulation. 

F igure  5 - Digitized l inear  x - r a y  count r a t e ,  the energy  ra t io  and 

spatial  ra t io  for  pa r t  of the event shown in Figure 4. The 

average electron e-folding energy  was 14 kev,  and the peaks 

a r e  systematical ly  harder  than the unstructured precipitation 

by about 150/0. The spatial  ra t io  shows that during an electron 

pulsation the 7 0  k m  detector s ees  m o r e  flux than the 210 km 

detector indicating a precipitation region of about 100 k m  in 

extent. 

F igu re  6 - Analog x - r a y  count r a t e  f o r  a 18 to 25 second electron pulsa-  

tion event. Note the very intense precipitation level a t  the 

s t a r t  of the event and that e lectron pulsations began af ter  

this high level  had decreased.  
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I -  

Figure 7 - Digitized l inear  x - r ay  count r a t e ,  the energy  rat io ,  and 

spat ia l  ra t io  for  par t  of the event shown in Figure 6 .  The 

average electron e-folding energy was about 25 kev and the 

peaks of the electron pulsations a r e  ha rde r  than the unstructured 

precipitation by 2 t o  3 kev. 

an electron pulsation the 70 k m  detector s ees  m o r e  flux than 

the 210 k m  detector  indicating that the precipitation region i s  

about 100 k m  in extent. 

The spat ia l  ra t io  shows that during 

Figure 8 - The analog x - r a y  count r a t e  for  pa r t  of a 20-35 second electron 

pulsation event. The ent i re  event las ted  over one hour.  Note 

the quasi-continuous nature of the pulsations. 

F igure  9 - Digitized l inear  x - r a y  count r a t e ,  energy rat io  and spat ia l  

ra t io  for  pa r t  of the electron pulsation event shown in 

Figure 8. The average electron e-folding energy was 28  kev, 

but there  were  no systematic energy  spec t rum changes during 

this p a r t  of the event. The spat ia l  ra t io  indicates that the 

precipitating region for  the pulsations was about 100 k m  in 

extent. 

F igure  10- Digitized l inear  x - r a y  count ra te  energy rat io  and spat ia l  

ra t io  for  another section of the event shown in F igure  8. 

The average electron e-folding energy was 30  kev, and the 

peaks of the electron pulsations a r e  systematical ly  harder  

than the unstructured precipitation by about 5 kev. The 

spat ia l  ra t io  shows no systematic  changes during this  p a r t  

of the event implying that region over  which the pulsations 

were  occurr ing was grea te r  than 210 km. 
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F igure  11 - A composite summary  of the tempora l ,  energy ,  and spatial  

c h a r a c t e r i s t i c s  of the 5-10 second per iod e lec t ron  pulsations 

typically occurr ing between 0200-1000 local  t ime.  

F igure  12 - A composite summary  of the tempora l ,  energy and spa t ia l  

c h a r a c t e r i s t i c s  of the 20-35 second per iod electron pulsations 

typically occurr ing between 1000-1500 loca l  t ime.  

F igure  13 - A s u m m a r y  of the local time c h a r a c t e r i s t i c s  of the various 

f o r m s  of energet ic  e lectron precipitation. Each  f o r m  occur s  

a t  i t s  respect ive local t ime  during some  phase of an a u r o r a l  

subs torm.  
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